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Abstract. Soft biological tissues are composed mainly by collagen, elastin and ground 
substance. Due to their structural arrangement, the numerical representation of their 
mechanical behavior is a nontrivial subject. Moreover, the tissues mechanical behavior can 
change if taken from different individual or different position of the same individual. Many 
authors have found experimental evidences that qualitatively correlate the mechanical 
response of biological tissues with some of their characteristics through individual 
parameters. The individual parameters used in these works are related to physical, 
physiological, histological or pathological aspects. The quantification of such correlations 
can indicate which parameters may be used on material laws in order to improve the 
mechanical representation of the tissue for different individuals. Aiming to correlate the 
mechanical behavior of the biological tissue with individual parameters, the scope of the 
present work is to develop a material model capable to incorporate specific individual 
variables dependences. The proposed constitutive model is based on classical hiperelasticity, 
in which the individual parameter dependence is incorporated in energy potentials that 
modifies the constitutive relation. The individual parameters are taken as external material 
parameters making possible to employ classical hyperelastic models into the representation 
of the biological tissue. Numerical examples are presented evidencing the capability of the 
proposed model to represent the tissues mechanical behavior and the individual 
characteristics dependences. 
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1  INTRODUCTION 

The estimation of the mechanical behavior of biological structures plays an important 
role in several applications, such as, numerical simulation of artery/stent interaction 
(Ragkousis et al., 2014), knee prosthesis/muscle skeletal system (Kia et al., 2014), control 
surgeries (Beyar et al., 2006), among others. The prediction of internal forces and tissue 
deformation may provide important information in the choice of individualized medical 
procedures for different patients. 

Biological tissues are composed by a cell collection and an extracellular matrix 
(Junqueira et al., 2004), wherein each one has a specific function. Arteries, tendons and 
ligaments, due to the presence of fibers highly oriented into a matrix represented by the 
ground substance, are usually modeled as composites (Holzapfel et al., 2000, Ehret and 
Itskov, 2009, Vassoler et al., 2012) and shown non-linear and anisotropic mechanical 
behaviors. 

One of the difficulties in applying numerical simulations to real patients resides in to 
consider individual aspects of the patient to the material model. The same biological tissue 
may present a distinct mechanical behavior in different individuals or different positions of 
the same individual (Learoyd and Taylor, 1966, Maher et al., 2012). This aspect is not 
considered in most material models available in literature (Holzapfel et al., 2000, Ehret et al., 
2011). Thus, the objective of this work is present a hyperelastic constitutive model capable to 
consider individual aspects. 

2  CONSTITUTIVE MODEL 

Biological tissue can be mathematical described through several assumptions and models, 
usually employing nonlinear constitutive theories. As examples, one can cite viscoelasticity 
(Holzapfel and Gasser, 2001, Ciarletta et al., 2006, Vassoler et al., 2012), hyperelasticity 
(Holzapfel et al., 2000, Fancello et al., 2008), poroelasticity (Tomic et al., 2014), mechanical 
damage (Hokanson and Yazdani, 1997, Vassoler et al., 2016), among others. In the present 
work, the hyperelastic structure was studied, employing a phenomenological approach, 
describing the macroscopic nature of materials as continua. 

In order to consider the fibers contributions presented in the tissue, a decomposition of 
the strain energy function may be made (Holzapfel et al., 2000) as follows: 

Ψ = Ψ௜௦௢(𝐂) + Ψ௙(𝐂, 𝐀୤).  (1) 

where Ψ௜௦௢ consists of an isotropic contribution, Ψ௙ consists of an anisotropic contribution 
provided by the fibers inclusion and 𝐂 is the Cauchy-Green tensor. 

The structural tensor, 𝐀୤, is defined as 

𝐀୤ = 𝐚𝒇 ⊗ 𝐚𝒇  (2) 

where 𝐚𝒇 is the unit vector defining the fiber direction and is related to the fiber stretch 𝜆௙: 
𝜆௙

ଶ = 𝐚𝒇 ∙ 𝐂 ∙ 𝐚𝒇. 



A.B.K. Formenton, J.M. Vassoler 

CILAMCE 2017 

Proceedings of the XXXVIII Iberian Latin-American Congress on Computational Methods in Engineering 
P.O. Faria, R.H. Lopez, L.F.F. Miguel, W.J.S. Gomes,  M. Noronha (Editores), ABMEC, Florianópolis, SC, 
Brazil, November 5-8, 2017. 

 

For the formulation to be sensitive to individual aspects, the potentials must depend on 
individual parameters. To introduce this dependency, a single parameter dependence (or 
parameters combinations) is incorporating into the potential. This may be achieved through a 
function that modifies the constitutive relation and is based on models presented in literature 
(Avalle et al., 2007, Ehret et al., 2011), which use functions to incorporate certain 
characteristics into their phenomenological response. Despite the fact that it is a simple 
modification into the hyperelastic energy function, this assumption is thermodynamically 
consistent since the free energy of the tissue is different for each individual and may be 
dependent of an individual material parameter. In this work, the individual parameter is 
obtained from histological analyses of the tissue (Sokolis, 2010). Physical and physiological 
parameters may be used as well (Dunkman et al., 2013, Camhi et al., 2013). 

In this study, individual aspects are considered only in the fibers contribution, which is 
defined as 

Ψ௙ =  𝑔(𝛽)𝜑ത௙൫𝜆௙൯.  (3) 

where 𝑔(𝛽) is a function of the individual parameter 𝛽 and 𝜑ത௙ is an classic hyperelastic 
energy function. For instance, 𝑔(𝛽)function can be defined as 

𝑔(𝛽) = 𝜇𝛽ఈ.  (4) 

where 𝜇 and 𝛼 are material parameters related to an individual parameter 𝛽. 

In this way it is possible to compute the Piola–Kirchhoff stress tensor as follows 

𝐏 = 2𝐅
డஏ೑(𝐂,𝐀౜)

డ𝐂
  (5) 

2.1 Results and Discussion 

To demonstrate the applicability of the 𝑔(𝛽) function in a hyperelastic formulation and 
clarify the models individual parameters influence, some numerical tests were performed. The 
Holzapfel model (Holzapfel et al., 2000) was used as classical expression 

𝜑ത௙(𝜆௙) =  
௞భ

ଶ௞మ
ቄ𝑒𝑥𝑝 ቂ𝑘ଶ൫𝜆௙

ଶ − 1൯
ଶ

ቃ − 1ቅ. (6) 

where 𝑘ଵ and 𝑘ଶ are the materials parameters. 

In this investigation, the parameters 𝑘ଵ and 𝑘ଶ were obtained from Vassoler et al. (2012), 
and the individual parameter 𝛽, which could represent the volume fiber fraction, varying from 
0 to 1, where 0 corresponds to the absence of tendon fibers and 1 corresponds to a tendon 
formed only by fibers. 

The Fig. 1 shows the results for 𝜇 = 1 and 𝛼 = 1 of function 𝑔(𝛽) and Fig. 2 
demonstrate the results for 𝜇 = 1 and 𝛼 = 5 of function 𝑔(𝛽). 
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Figure 1. Stress-strain curve for μ=1 and α=1. 

 

Figure 2. Stress-strain curve for μ=1 and α=5. 

From Figs. 1 and 2 it is possible to visualize the changes in the stress-strain response with 
the parameter 𝛽 (volume fiber fraction) and the material parameters related to the individual 
aspects. In Fig. 1, as expected, the stress response related to the parameter 𝛽 (volume fiber 
fraction) is linear. In the other hand, in Fig. 2 the response is nonlinear due to the choice of 
the parameter 𝛼. The tendencies of mechanical responses obtained from these tests are in 
agreement with those reported in literature (Ciarletta et al., 2006, Ehret and Itskov, 2009, 
Ehret et al., 2011, among others). Other tendencies can be obtained using more complex 𝑔(𝛽) 
functions. 

Besides its simplicity, with the use of the 𝑔(𝛽), this model demonstrated a great 
flexibility in the dependence representation of individual parameters. This mathematical 
framework can be easily combined to more complex constitutive models that consider 
viscoelastic e mechanical damage effects. 

2.2 Conclusions 

The constitutive modeling approach proposed in this work incorporate a dependence of 
individual aspects into a hyperelastic constitutive model presented in literature. Despite that 
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individual parameters used herein are not related to experimental data of a real biological 
tissue, the numerical tests are capable to show that a classical hyperelastic model modified by 
𝑔(𝛽) may represent the tissues mechanical behavior considering an individual parameter. 

The model representativeness will be better understood with a suitable experimental 
characterization of the tissue in the further studies that are currently been conducted. 
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